The nano aggregates of cobalt oxide (Co 3 O 4 ) are synthesized successfully by adopting simple a co precipitation approach. The product obtained was further subjected to the calcination process that not only changed it morphology but also reduces the size of individual particles of aggregates. The prepared nano aggregates are subjected to different characterization techniques such as electron microscopies (scanning electron microscopy and transmission electron microscopy) and X-ray diffraction and results obtained by these instruments are analyzed by different software. The characterization results show that, although the arrangement of particles is compact, several intrinsic spaces and small holes/ pores can also be seen in any aggregate of the product. The as synthesized product is further tested for catalytic properties in thermal decomposition of ammonium perchlorate and proved to be an efficient catalyst.
Introduction
Nanomaterials are divided into different types based on their dimensions. They are classified as 0 D, 2 D and 3 dimensional. Nanoparticles can be crystalline and amorphous. They exhibit different morphology according to the dimensions as hollow sphere, nanocubes, nanofibers, nanofilms, nanowires and nanoplates [1] [2] [3] [4] [5] .
There are various physical and chemical techniques that are being employed for the fabrication of nanoparticles. Physical techniques constitute ball milling, ion ejection, lithography and laser ablation methods [6] and chemical methods involve sol-gel method, thermal decomposition, salt reduction, reverse micelles approach, hydrothermal method and co-precipitation techniques [7] . Many groups of researchers have synthesized transition metal oxide nanoparticles and reported their characterization and the applications. Titania (TiO 2 ) nanoparticles are being used as dye sensitized solar cells and material for electronic circuits [8] [9] [10] [11] [12] , ZnO nanostructures also have unique optoelectronics and electronic properties, therefore, used in laser and light emitting diodes [13] [14] [15] [16] [17] [18] [19] [20] [21] . CuO is being employed in dry cell as well as wet cell batteries [22] . Among all these metal oxides, cobalt oxide (Co x O y ) nanoparticles have engrossed emergent attention because of its magnetic and catalytic properties. These fascinating properties of cobalt oxide nanoparticles have made it important in hi-tech applications [23] .
This preference is due to hexagonal close-packed structure (HCP) known as α-cobalt and face-centered cubic structure (FCC) known as h-cobalt, in bulk, while metastable structure ε-cobalt in nanometer ranges [24] . Cobalt formulate a very defined binary compound with O as 2-are; tricobalt tetraoxide (Cobalt (III) oxide) and cobaltous oxide (Cobalt (II) oxide) [25] . Cobalt (III) oxide with +8/3 oxidation state and cobalt (II) oxide with +2 oxidation state are most stable Cobalt (III) oxide is an (intrinsic) p-type semiconductor having optical band gap of 1.48 and 2.19 eV. It shows large mechanical strength with 116 to 160 GPa young's modulus [26] .
Therefore, considerable attention has been given to the fabrication of cobalt (III) oxide nanostructures in order to utilize its properties by preparing nanofilms, nanotubes and nanorods. Many methods of synthesis for cobalt oxide nanoparticles have been reported by various researchers. Coprecipitation, sol-gel, solvothermal, reverse microemulsion, thermal decomposition and chemical vapor deposition methods have been used for synthesis of cobalt oxide nanoparticles [1] [2] [3] [4] [5] 23, 27] . So, it is applicable in different fields like electrochemistry [28] , catalysis [29] , energy storage [30] and pigments [31] . It is one of the fascinating chemical compounds which is used as MRI (magnetic resonance imaging) contrast agent in medicine with the combination of other metals e.g. gold, graphite, iron and platinum [32] . Cobalt oxide with improved catalytic activity, has already been used as catalyst for the oxidation of many volatile organic compounds (VOCs). It shows better catalytic activity among other transition metal oxides [33] .
In this research paper, co precipitation method has been used for synthesis of cobalt oxide nanoparticles by using cobalt chloride as metal precursor. The nanoparticles prepared by this method have been characterized by using different instrumental techniques. Synthesized nanoparticles have been used for the determination of variation and comparison in physiochemical properties of diesel fuel. In order to investigate catalytic properties, thermo gravimetric analysis has also been performed.
Experimental Section

Materials
Sodium carbonate, deionized water, absolute alcohol, and Cobalt chloride hexahydrate (CoCl 2 .6H 2 O) as the cobalt source were used. All the chemicals used during the process of synthesis were purchased from Sigma Aldrich, USA. The chemicals were of analytical grade and used as received without any more purification.
Synthesis
The following procedure was adopted to prepare the Co 3 O 4 nanoparticles by co-precipitation method. 2.5 g of CoCl 2 .6H 2 O is used as the precursor for this process, dissolved in deionized water stirred magnetically for 20 mins. After stirring, 20 ml sodium carbonate solution (1M) was added to the above solution. The mixtures were stirred for 5 h at 60.0 o C. After 5 h, light purple color precipitates are collected by centrifugation at 30,000 rpm. The precipitates are washed three times with deionized water and absolute alcohol, respectively. The collected precipitates are dried in an oven at 80.0 o C for 12 h. The obtained product is calcined in an electric furnace for 3 h at 500.0 o C. The product prepared by co-precipitation method is subjected to instrumentation for the investigation of morphological aspects.
Structure Characterization
X-ray powder diffraction (XRD) characterizations were performed on a Rigaku D/max Ultima III X-ray diffractometer with a Cu-Kα radiation source (λ = 0.15406 nm). The instrument was operated at 40 kV and 150 mA at a scanning step of 0.02º in the 2θ in the range of 10-80º. Scanning electron microscopy (SEM) observations were executed on a scanning electron microscope (JEOL JSM-6480A). Transmission electron microscopy (TEM) observation was performed on an FEI Tecnai G2 S-Twin transmission electron microscope (TEM) with an accelerating voltage of 200 kV. Commercial Diesel, PSO Limited was used as fuel with 0, 2, 4, 6, 8 and 10 ppm dosage of synthesized product Co 3 O 4 particles. Flash and fire points were studied by APEXJCX309 Closed Cup Flash Point Tester (working standard ASTM D93). Cloud and pour points were tested manually in accordance of standard methods ASTM D2500 and D97 respectively. Digital viscometer was used to measure viscosity of fuel samples according to standard procedure ASTM D445.
Ethical approval: The conducted research is not related to either human or animal use.
Results and Discussion
XRD analysis
The X-ray diffraction pattern (XRD) of synthesized products are given below as Figure 1a 
SEM Characterization
To characterize and analyze the morphology, the prepared products are analyzed by SEM as shown in Figure 2 . The scanning electron microscopy is used to determine the shape or morphology of the prepared powders. The particles are irregular in shape and aggregated together. In the aggregates, the size of the particles is not uniform so determination of morphology by SEM is done but not the size of the particles. The primary particles can aggregate upon standing in air. The particles obtained by carbonate precipitatin without any surfactants are poly disperse and form plate-like aggregates. The product before calcination is shown in Figure 2a b and c. It can be clearly observed from the Figure 2c that the small particles are fused together and create an irregular, flower like structures and these irregular structures are of different sizes and shapes. Some of these structures are very big with lots of small particles aggregated together compactly while o some of these particles are small aggregates too. A close overview of the morphology obtained by SEM shows some single small particles are also present among the product. This arrangement of particles is although compact, but many intrinsic spaces and small holes/ pores can also be seen within any aggregate of the product. Figure 2d , e and f shows the SEM observation of the product after calcination. Figure 2a shows the product comprises of nano and microparticles that are interlinked to form an irregular arrangement. It is evident from the Figure 2 , the morphology before calcination is different from the morphology after calcination. After calcination, the product contains particles that are nearly spheroids, and these are not very compactly packed with each other. There are visible spaces in the arrangement of particles and morphology is somehow an irregular array of nano and lots of microparticles that did not acquire the shape of flowers as in case of the Co 3 O 4 before calcination. Many particles are broken apart from the big aggregates so very small nanosized and microsized particles can also be seen in the product obtained after calcination. It is important to note that these particles have an anisotropic morphology extending from exterior to inter -particle open space forming loosely packed microstructures a few micrometers thick and with sufficient space between the adjacent particles. Figure 3 shows the TEM images of the production prepared by the co-precipitation method before calcination Figure  3a , b, c and after calcination Figure 3c , d, f. TEM images of the product before calcination shows that most of the particles are clustered together forming different shapes that are not differentiable to describe. Mainly, these big micro particles are composed of small nanoparticles in various size ranges, in the rough approximation, from 50 nm to several micrometers.
TEM Observations
TEM images in Figure 3 shows that these micro architectures exhibit a varied range of dimensionalities that undermine the exact size valuation from the micrographs. These particles are tightly fused with each other leaving behind some pores or spaces in the arrangement. These are not very thick walled particles that are the main constituents of big architectures. TEM image in Figure 3a -c shows that these micro architectures exhibit a varied range of dimensionalities that undermine the size valuation from the micrographs. Figures 3d-f shows the product obtained after calcination. The TEM micrograph shows a certain change in morphology. The randomness of the product that was very obvious in the TEM micrograph before calcination is relatively reduced and nano and microparticles show trends towards some sequence. The nano and microparticles join mostly head to tail arrangement, but at some points, these particles show multi-dimensional arrangements of particles around them as shown in Figure 3d and e. The exact morphology of these constituent nano and microparticles can be cylindrical, nearly spherical, cuboid flakes or rods that is not clearly differentiable as many different shapes which can be seen within one microarchitecture (formed by interlinking of these particles processing different shapes and sizes). These particles are loosely packed in some sequence with more inter-particles spaces.
Preparation Scheme
Synthesis scheme of Co 3 O 4 via co-precipitation method is shown as Figure 4 . CoCl 2 .6H 2 O and sodium carbonate react and give rise to CoCO 3 that is further annealed in oxidative atmosphere resulting in the formation of Co 3 O 4 precipitates that is final product for this reaction. The product is not of uniform morphology. After annealing, the morphology shows a trend towards the uniformity but still it is aggregated together leaving some inter-particles spaces.
Catalytic Activity
As an important material for the use in solid propellant formulations for application in airspace and defense materials industries, the oxidizer salt, AP, thermal decomposition is very important to study. To study the catalytic activity of the Co 3 O 4 particles by the co-precipitation method, the thermal decomposition of AP is investigated by thermogravimetry-differential scanning calorimetry (TG-DSC). The result shows that the thermal decomposition curve peaks of AP containing Co 3 O 4 prepared microstructures do not not emerge more ahead than that of pure AP. Figure 5 This data shows a decrease of 32.0 o C in thermal decomposition of AP that validates the fact that these prepared micro particles lower the thermal decomposition temperature significantly.
The DSC curves are obtained for pure AP and a mixture of 2% prepared sample of Co 3 O 4 and 98% AP, and the results obtained at high temperature as well as low temperature by the DSC are presented in Figure 6 . mechanism of AP powder of fine particle size differs that of AP of larger particle size.
Fuel Additive Activity
Application of Co 3 O 4 particles as a fuel additive is determined by analyzing the values of fuel quality parameters: fire point, flash point, cloud point, pour point and kinematic viscosity. The energy demand is increasing very quickly due to rapid increase of the world's population. This has diverted the attention of researchers to increase the energy output from the available commercial fuels by using different means like modifying the construction and working of available engines to use fuel additives [4, [34] [35] [36] [37] . For this purpose, synthesized Co 3 O 4 particles are used as an additive to increase the efficiency of fuel. The properties of fuel are found to be enhanced by the addition of Co 3 O 4 particles. In order to investigate the influence of this additive on fuel characteristics, the properties of modified fuel are also compared with the properties in the absence of the additive.
A plot of flash and fire points as a function of dosage of additives is given as Figure 7 . The flash and fire points (the fuel spark point is fire point and fuel burning point is flash point) are observed to decrease with an increase in additive dosage. It means the volatility of fuel is increased with addition of additive. As particles are very small in size, they provide sites for vapor formation, and volatility is increased. Additive particles come in between the layers of fuel (liquid) and overcome the inter-layer interactions. Both of these factors play role in decreasing the flash and fire points. The flash and fire points are found to be function of additive dosage up to 2 ppm. After 2 ppm, the values of these parameters are observed to be independent of additive dosage. These results indicate that saturation level has been achieved up to 2 ppm additive dosage. The value of flash point is greater than that of fire point at every dosage of additive which is in accordance to the general rule of ASTM.
The dependence of cloud and pour points on the dosage of additive is shown in Figure 8 . The cloudy appearance of fuel is indicated by cloud point. The trend in both of these properties is observed to be opposite of each other. The cloud point is found to increase with addition of additive and pour point is found to decrease with addition of additive. The depression in freezing of modified fuel is due to colligative properties phenomenon. The decrease in pour point of modified fuel increase the use of fuel in engines in countries located near poles.
Plot of kinematic viscosity of fuel versus dosage of additive is given as Figure 9 . The kinematic viscosity of fuel is found to decrease with increase in additive dosage. Kinematic viscosity of fuel is linearly decreased with addition of dosage up to 6 ppm and its value is remained same with increase in additive dosage from 6 to 10 ppm. The additive particles decrease the attractive forces among layers of fuel, so its viscosity increases. It means the fluidity of fuel is increased with the addition of additive. The modified fuel increases the flow speed in engine pipes and rapidly reaches the ignition chamber. Small size droplets are formed if viscosity is low. Thus, chances of combustion are also increased by using an additive. The results of studied applications suggest that the synthesized Co 3 O 4 particles are a good candidate to be used as fuel additive as it increases the efficiency of the engine and scope of usage of fuel. Summary of different nano aggregates is mentioned in Table 1 . Table 1 
Conclusion
Cobalt oxide nano aggregates are successfully prepared by a wet chemical synthesis method followed by annealing at 500.0°C. The electron microscopies (SEM & TEM) showed considerable changes in morphology, size and sequence of arrangement of individual particles before and after calcination. The morphology obtained before calcination is random and densely packed: wherea,s considerably loose but sequential arrangement of constituent particles is observed after calcination. The synthesized product was used as a catalyst in the thermal decomposition of ammonium perchlorate. Prepared Co 3 O 4 nano aggregates proved to be a good catalyst, and it reduced the thermal Ag 20-50 120-200 Co-precipitation Photosensor [44] decomposition temperature by 32.0°C. The prepared product has also been found to be an efficient additive as it decreased the pour point and viscosity of fuel. It has also decreased the flash and fire points to make burning easier. Thus, synthesized product possesses a good combination of properties as it shows good catalytic and fuel additive applications.
